memory suggests that the R-neurons provide a competence factor that allows the ellipsoid body to function correctly ( Figure 1E ,F) [1] . The discovery of a redundant sufficient action of ebo/exportin 6 and dSRF in different sets of neurons for a behavior is a rare finding, and suggests that the typical search for cell-autonomous gene action for behaviors only provides a part of the story for how the brain works. Identification of the competence factor will be of high interest in determining how neurons within a structure can make the whole structure functionally normal.
That the ebo/exportin 6, dSRF, and MRTF signaling cassette is important for a seconds-long visual working memory is also of note. Previous studies in mouse and fly had shown that these gene products are critical for memory in a much longer time domain [13, 14] . Although there are only a few examples so far, it may become more common that the time domain in which a gene acts depends on the behavioral test under investigation (for example [1, 15, 16] ).
Finally, the discovery of the ebo/exportin 6 signaling mechanism should be reconciled with the other known signaling mechanisms in visual working memory. An S6 kinase II (S6KII) and a cGMP-dependent protein kinase (PKG) have been shown previously to work in R-neurons of the ellipsoid body for a visual working memory [2, 17] . Do the S6KII and PKG signals influence exportin 6 activity, or other components of this pathway? Or, could the postulated competence factor be acting on these kinase signals?
Regardless of the open questions, the discovery of ebo/exportin 6, dSRF, and MRTF mechanisms of influencing a visual working memory will change our understanding of working memory mechanisms, timing properties for signaling cascades in behavior, and the organizational features of brain structures. 
Gastrulation: Cell Polarity Comes Full Circle
The bending and internalization of tissues during embryonic development is a conserved process driven by dramatic cell-shape changes. A recent study details the molecules required for mesoderm internalization in Drosophila and their unique spatial localization pattern.
Miranda V. Hunter 1 and Rodrigo Fernandez-Gonzalez 1,2,3, * Embryonic development requires positioning and organization of precursor cells as a function of the tissues that they will generate. For example, skin precursors must be close to the surface of the embryo, whereas cells that form muscles must be inside the embryo. This organization is accomplished through the process of gastrulation, in which the three germ layers are specified and spatially segregated. In vertebrates and invertebrates, gastrulation is often the result of tissue bending and subsequent internalization. Tissue bending can be mediated by apical constriction, in which the apices or outward-facing surfaces of the cells contract, the cells become wedge-shaped, and the tissue buckles [1] . A recent paper in Nature Cell Biology by Mason et al. [2] examines mesoderm internalization in Drosophila embryos, and finds a complex relationship between cytoskeletal networks and adherens junctions, which localize to complementary spatial domains on the apical surface of the cells to stabilize cell shape during apical constriction.
In Drosophila, gastrulation occurs by internalization of mesodermal precursor cells along the ventral midline of the embryo, an area known as the ventral furrow [3] . Ventral furrow cells constrict apically under the influence of a cytoskeletal network that spans the apical surface of the cells and is composed of actin and the molecular motor non-muscle myosin II [4] . Apical constriction of mesoderm cells occurs through pulses of contraction and stabilization, which monotonically decrease the apical surface area of the cells in a stepwise manner -a mechanism analogous to that of a ratchet [4] . Pulsed contractile behaviors are associated with the accumulation and stabilization of myosin II on the medioapical surface of the cells, away from cell-cell junctions. Notably, ratchet-like pulsed contractions have been observed in other morphogenetic processes in Drosophila, including axis elongation [5] and the dorsal closure of the embryonic epidermis [6] [7] [8] . However, the physical and molecular mechanisms of ratcheting remain unclear.
The central role of myosin in ventral furrow formation suggests that the small GTPase Rho1, a conserved molecular switch that promotes actomyosin contractility, may be important for mesoderm internalization. Rho1 induces myosin activity through one of its effectors, the Rho-associated kinase (Rok). Mason et al. [2] find that Rok localizes to foci in the medioapical surface of ventral furrow cells and is depleted from cell junctions -a pattern that the authors term 'radial cell polarity' (Figure 1 ). The radial cell polarity of Rok localization takes place in parallel with the recruitment of myosin II to the medioapical surface of ventral furrow cells, consistent with a role for Rok in apical constriction.
Rok can promote myosin contractility, but it can also regulate actin organization. Tracking medioapical F-actin in ventral furrow cells reveals that, during contraction pulses, F-actin levels remain stable or increase, and F-actin forms discrete foci [2] . Rok inhibition prevents myosin recruitment to the medioapical surface and formation of F-actin foci, but not the assembly of a widespread apical F-actin network. This suggests a role for Rok radial cell polarity in the formation of F-actin foci during contraction, possibly by promoting the recruitment and radial polarization of myosin II to the medioapical surface.
Rho1 can also influence actin organization through its effector Diaphanous (Dia), a formin that promotes actin polymerization in Drosophila and mouse [9, 10] . Partial inhibition of F-actin polymerization using drug treatments during mesoderm internalization leads to separation of the medioapical F-actin network from cell junctions, preventing apical constriction [2] . Embryos expressing a partial loss-of-function allele of dia display a similar phenotype to the drug treatments, implicating Dia in the coupling of contractile networks and adherens junctions. Mason et al. [2] find that in wild-type ventral furrow cells, E-cadherin is localized predominantly at cell-cell junctions and is depleted from the medioapical surface, a radial cell polarity pattern complementary to that of Rok and myosin II. By contrast, in dia mutants E-cadherin localizes across the medioapical surface, but myosin II radial cell polarity is unaffected. These results indicate that Dia is necessary for the attachment of medioapical actomyosin networks and adherens junctions, possibly through the establishment of E-cadherin radial cell polarity. Dia is necessary for the organization of adherens junctions by promoting the localization of E-cadherin to sites of cell-cell contact [11] , a mechanism that could promote E-cadherin junctional localization and radial cell polarity in ventral furrow cells. Dia can also drive E-cadherin endocytosis associated with contractile networks [12] , which could lead to the removal of E-cadherin from the medioapical domain in the ventral furrow.
What is the physical structure that acts as a ratchet during pulsed contractions? In ventral furrow cells, the F-actin foci that form during contraction pulses are remodeled into linear cables during stabilization [2] . This remodeling is impaired in twist mutants, in which contractions are not stabilized. Mason et al. [2] propose that F-actin cables could function to prevent cell relaxation. Pulsed contractile behaviors tend to occur in anti-phase between neighboring cells [4, 6, 8, 13] . Contraction of one cell imposes tension on its neighbors, which, in the ventral furrow, need to stabilize their contraction. Recent evidence demonstrates that Dia can polymerize actin faster when actin filaments are under tension in vitro [14] , or in response to cell deformation in vivo [15] . Cell deformation can also induce new sites of F-actin polymerization by Dia [15] . Therefore, another potential role of Dia during mesoderm internalization could be to mediate the polymerization of F-actin cables that act as ratchets in response to mechanical stresses induced by the contraction of neighboring cells (Figure 2) .
The transcription factor Twist is necessary for the stabilization of contractile pulses during mesoderm internalization [4] , but the downstream mechanisms of stabilization are unclear. Mason et al. [2] observe that in twist mutants, medioapical F-actin cables fail to form, resulting in a more punctate F-actin distribution. Remarkably, Rok and myosin II radial cell polarity are inverted in twist mutants, where both proteins localize junctionally, at tri-cellular vertices. These results suggest that Twist mediates the ratcheting of contractile pulses by promoting the assembly of the F-actin cables associated with the stabilization phases of apical constriction, and by promoting the radial cell polarity of Rok, which recruits and stabilizes myosin II in the medioapical domain of the cells. The mechanisms by which Twist regulates the localization and dynamics of cytoskeletal proteins are unknown. Two transcriptional targets of Twist, Folded gastrulation and T48, can activate Rho1, and Mason et al. [2] propose that Twist may signal through the Rho1 effectors Dia and Rok to promote F-actin remodeling into cables, attachment to adherens junctions, and myosin II stabilization medioapically.
An outstanding question is how radial cell polarity is established. In the early C. elegans embryo, the polarity protein PAR-6 is excluded from cell-cell contacts and localizes to the outer surface of the cells [16] , in a pattern reminiscent of radial cell polarity. The small GTPase Cdc42 localizes uniformly to the cell cortex, and when active, recruits PAR-6 [17] . PAC-1, a GTPase-activating protein that can inhibit small GTPases, is localized to cell-cell contacts, where it inactivates Cdc42 [17] . Cdc42 inactivation at cell-cell contacts restricts PAR-6 recruitment to the outer surface of the cells. A similar mechanism involving the local inhibition of Rho1 at cell junctions or its local activation at the medioapical surface may explain the radial polarization of Rok in ventral furrow cells in Drosophila. Another possibility is that Rok is actively excluded from cell junctions. aPKC, a kinase that participates in cell polarity, can phosphorylate ROCK, the mammalian homolog of Rok, at junctions between MDCK cells [18] . ROCK phosphorylation by aPKC suppresses the junctional localization of ROCK, restricting it to the medioapical domain. This suggests that Rok phosphorylation by aPKC could promote the radial cell polarity of Rok in mesoderm cells.
The concept of a polarized protein distribution forming around a central point has been characterized in a variety of species and processes, suggesting that radial cell polarity could be a conserved form of cell polarity. A form of radial polarity known as compaction occurs during the eight-cell stage of mouse embryonic development, in which the trophoblast, a precursor to the placenta, is sequestered to the outside of the embryo, separating it from the inner cell mass, which will form the embryo [19] . Compaction is mediated by the radial polarization of adhesion molecules such as E-cadherin [20] . Understanding the methods by which cells segregate specific subcellular components to different parts of the cell, and the factors upstream that influence this patterning, will provide insight into the manner by which cells integrate short-and long-range signals to promote cell shape changes and large-scale tissue movements during morphogenesis. In many animals, and some plants, sex is determined by the particular sets of chromosomes individuals carry: in flies and mammals, for instance, males are the heterogametic sex, possessing X and Y sex chromosomes; but in birds and butterflies, females are heterogametic, possessing Z and W sex chromosomes. (For simplicity, we hereafter refer only to XY systems, but the arguments generally hold for both XY and ZW systems.) Under the standard model [1] , the acquisition of a major sex-determining locus by an ancestral pair of autosomes can trigger their gradual evolutionary transition into differentiated sex chromosomes. Because Y chromosomes are sex-limited and non-recombining, the X and Y can evolve differences in size, morphology, gene content and modes of regulation [1, 2] . Once established, differentiated sex chromosomes would seem to be an evolutionary endpoint -autosomes can evolve into sex chromosomes, but the reverse is hard to imagine [2] . However, this is precisely what Vicoso and Bachtrog [3] found in a new study of fly (Diptera) genomes. To see why it might be difficult for sex chromosomes to revert back to autosomes, consider how they come to differ. To begin, an autosome acquires, say, a dominant male-determining gene either via de novo evolution of a gene at the top of the sex determination pathway or via movement of an established sex determination gene from elsewhere in the genome. Next, the segregation of sexually antagonistic alleles -genetic variants beneficial to one sex but harmful to the other -at genetically linked loci favors the recruitment of suppressors of recombination, such as chromosomal inversions ( Figure 1A ). These inversions impart short-term evolutionary benefits -facilitating genetic associations between maleness and alleles that benefit males -but impose long-term consequences. First, the lack of recombination leads to the mutational degeneration of the Y chromosome ( Figure 1A ) [4] . Second, a degenerate Y chromosome imparts a dosage inequality for X-linked genes between the two sexes which often (but not always) favors the evolution of dosage compensation mechanisms [5] . Third, sex chromosomes adapt to the sex through which they are predominantly transmitted: it is hardly surprising, for instance, that many of the surviving genes on the Y chromosomes of flies and mammals function in male fertility. Finally, the genetic differentiation and sex-biased inheritance of sex chromosomes renders them susceptible to genetic conflicts over transmission, such as meiotic drive, whereby chromosomes obtain greater than Mendelian transmission to offspring [6] . Meiotic sex chromosome inactivation (MSCI), the precocious transcriptional silencing of the sex chromosomes during male meiosis, has evolved independently in several lineages, possibly as a way to suppress sex-linked meiotic drive elements in the male germline [6, 7] .
Once differentiated sex chromosomes have evolved specialized gene contents and elaborate chromosome-wide regulatory mechanisms, their status as sex chromosomes would seem to be irrevocably set. Consistent with this intuition, in the genus Drosophila there have been around 12 fusions between sex chromosomes and autosomes, resulting in neo-X and neo-Y chromosomes, and 23 fusions between autosomes. There are, however, no cases of wholesale reversion of a sex chromosome to an autosome. In new work that challenges the long-held conventional wisdom, Vicoso and Bachtrog [3] show that the ancestral Dipteran X chromosome reverted to an autosome in the lineage leading to Drosophila.
In Diptera, the ancestral haploid complement comprises five large euchromatic 'rod' chromosomes, containing about 2,800 genes each, and one small 'dot' chromosome, containing about 100 genes. These chromosomes are termed Muller elements A-F. In Drosophila, Muller element A segregates as the X chromosome, and sex is determined by the relative dosage of the X-linked sex determination gene Sex lethal. While the gene content of the Muller elements is largely conserved across Diptera, the sex chromosomes and sex determination genes are not. To investigate the deep history of sex chromosome evolution in Drosophila and beyond, Vicoso and Bachtrog [7] sequenced the genomes of one male and one female from each of
